The important role of the amino group in purine derivatives has been documented not only by its Waston-Crick base-pairing capacity in nucleic acids, but also for its essential presence in purine receptor agonists of A-type and Ptype in substrate/inhibitor binding to enzymes of purine metabolism (1) (2) (3) , as well for its important regulatory pathways (4, 5) . N 6 -adenines are especially important substrates owing to their possible cytokinin activity. Natural cytokinins are adenine derivatives with a side chain at the N 6 -position, and participate in conjunction with other hormones in most aspects of plant growth and development (6) .
Cytokinines are low molecular weight substances (e.g. N 6 -substituted adenine the main family of the plant hormones cytokinins) found in plants. Cytokinines, together with auxin, play an essential role in plant morphogenesis, having a profound influence on the formation of roots and shoots and their relative growth. The most important role of cytokinines is to promote plant cell division and cell growth and they are involved in retardation of senescence and to stimulate morphogenesis (7) (8) (9) .
Therefore, in continuation to our previous work on 6-aminopurines (10, 11) for regulating the growth of several plants e.g. cotton, soy-bean, potatoes, the present work was intended to synthesize newer 6-substituted-aminopurines and other related derivatives, structurally related to the well known plant growth regulators "Cytokinines", with the target for evaluating their potential plantgrowth regulating properties.
Experimental
All melting points are uncorrected. Microanalyses were carried out by the Micro analytical Laboratory, National Research Center, Cairo, Egypt. Infrared spectra (KBr-disc) were recorded using a Jasco FT/IR-300E spectrophotometer. 1 H NMR spectra were recorded in DMSO-d 6 using Varian mercury 300 MHz and Varian Gemini 200 MHz with chemical shift in δ from Me 4 Si. Mass spectra were recorded on GC/MS Finnegan SSQ 7000 spectrophotometer.
Plant-growth regulating properties were carried out by the Water Relations and Irrigation Department, Agriculture Division, National Research Centre, Egypt. Wheat seeds are sown in pots containing soil that was not already treated before with any plant-growth regulator(s), and watered as required.
After 21 days from sowing, preliminary screening of some selected examples of the newly synthesized 6-(substituted-amino)-purines was carried out towards the young wheat plant shoots (7 plants/each pot). The young shoots were sprayed weekly with aqueous spray liquor of compounds 14a-h (concentration 100ppm) for 11 week till plants were grown to maturity.
Control experiment was carried out in which the young shoots are sprayed with the same aqueous spraying liquor containing no active ingredient of the tested compounds. Also, another control experiment was carried out for comparison using cultivated wheat plant(s) in a soil which has been not treated before by any plant growth regulator.
5-Amino-1-(4-fluorophenyl)-1H-imidazole-4-carboxamide (1)
A mixture of 2-aminocyanoacetamide (0.01 mol) and triethyl orthoformate (0.02 mol) in acetonitrile (20 ml) was heated under reflux for 1 hr. After cooling, 4-fluoroaniline (0.01 mol) was added to the reaction mixture and reflux was continued for another 15 min. The solid product obtained was filtered off, washed with methanol, dried and crystallized from DMF to give (1) 
2-(Chloromethyl)-9-(4-fluorophenyl)-1H-purine-6(9H)-one (3)
Chloroacetyl chloride (15 mmol) was added dropwise with stirring to a solution of compound 1 (10 mmol) in N, N-dimethyl formamide (15 ml), stirring was continued for 4 hr, and then the reaction mixture was poured to ice cooled water. The solid product obtained was filtered off, dried and crystallized from methanol to give (3) 
Ethyl 2-cyano-3-(9-(4-fluorophenyl) -6,9-dihydro-6-oxo-1H-purin-2yl) propanoate (4)
To a mixture of 3 (0.01 mol) and ethyl cyanoacetate (20 mmol) in dimethylsulfoxide (DMSO) (15 ml) a solution of potassium hydroxide (1g in 3 ml water) was added. The reaction mixture was heated for 1hr on a steam-bath. The solvent was evaporated under reduced pressure. The residue was dissolved in water and neutralized by dilute acetic acid; the separated solid product was collected by filtration and crystallized from ethanol to give (4) 
9-(4-Fluorophenyl)-2-(hydrazinomethyl)-1H-purin-6(9H)-one (5)
A mixture of 3 (0.01 mol) and hydrazine hydrate (0.015 mol) in absolute ethanol (20 ml) was heated under reflux for 1 hr. The solid product obtained was filtered off and crystallized from methanol to give (5) 
9-(4-
A mixture of 5 (0.01 mol) and ethyl acetoacetate (10 ml) was heated under reflux for 5 hr. After cooling the solid product obtained was filtered off, washed with cold methanol, dried and crystallized from ethanol to give (6) 
2-((
A mixture of 5 (0.01mol) and acetyl acetone (10 ml) was heated under reflux for 5 hr. After cooling the solid product obtained was filtered off, washed with cold methanol, dried and crystallized from ethanol to give (7) 
9-(4-Fluorophenyl)-1H-purin-6(9H)-one (9)
Method A A mixture of the imidazole 1 (0.01 mol) and formamide (15 ml) was heated at 180-190 ºC (oil-bath temperature) for 2 hr and then left to cool. The separated solid was filtered off, washed several times with cold water, cold ethanol, dried and then crystallized to give product 9.
Method B
To a mixture of ethyl chloroformate (10 ml) and N,N-dimethyl formamide (5 ml) it was added 1 (0.01 mol). The reaction mixture was then heated under reflux for 15 min and left to cool. The solid product obtained was filtered off, washed with cold ethanol, dried and crystallized from DMF to give ( 
9-(4-Fluorophenyl) -7-substituted -6-oxo -6,9 -dihydrophenyl -1H-purin-7-ium iodide salts (10)
General procedure A mixture of 9 (0.01 mol) and the desired alkyl iodide (0.012) in N, Ndimethylformamaide (20 ml) was heated under reflux for 1 hr. The reaction mixture was then concentrated and left to cool. The solid product obtained was filtered off and crystallized from ethanol to give 10.
9-(4-Fluorophenyl) -7-methyl -6-oxo-6,7,8,9-tetrahydro -1H-purin -9-ium iodide (10a)
Yield 72%, m.p. 
7-Ethyl-9-(4-fluorophenyl)-6-oxo-6,7,8,9-tetrahydro-1H-purin-9-ium iodide (10b)
Yield 70 
Preparation of 6-Chloro-9-(4-fluorophenyl)-9H-purine (13)
A mixture of 9 (0.01 mol) and phosphoryl chloride (20 ml) was heated under reflux for 1 hr and left to cool. The reaction mixture was then poured onto crushed ice while stirring. The solid product separated out was filtered off, washed several times with cold water, dried and crystallized from acetonitrile to give (13) 
6-(Substituted)-9-(4-fluorophenyl)-9H-purines (14a-i)
General procedure To a solution of 13 (0.01 mol) in absolute ethanol (50 ml), the appropriate amine or hydrazide (0.013 mol) was added in the presence of triethylamine (½ ml). The reaction mixture was heated under reflux for 3 hr. Then, the reaction mixture was concentrated and left to cool. The solid product(s) obtained was filtered off and crystallized from ethanol to give products 14a-i. 
9-(4-Fluorophenyl)-N-methyl-9H-purin-6-amine (14a)

Preparation of 6-(1H-benzo[d]imidazol-1-yl)-9-(4-fluorophenyl)-9H-purine (15)
Method A A mixture of 14h (0.01 mol.) and ethyl chloroformate (0.12 mol) in N, Ndimethylformamaide (20 ml) was stirred for 3 hr. The solid product obtained was filtered off and crystallized from DMF to give (15) .
Method B
A mixture of 14h (0.01mol) and triethyl orthoformate (0.12 mol) in N, Ndimethylformamaide (20 ml) was heated under reflux for 3 hr and the reaction mixture was then concentrated under reduced pressure and left to cool. The solid product obtained was filtered off and crystallized from DMF to give (15) 
Results and Discussion
5-
Scheme1
The infrared absorption spectrum of 1 lacks C≡N absorptions and showed υ C=O (amide) at 1666 cm -1 . Also, the spectrum included υ NH due to -NH 2 and CONH 2 functional groups at 3414 and 3329-3196 cm -1 region .
Its 1 H-NMR spectrum revealed, generally, the characteristic signals due to NH 2 and CONH 2 protons (D 2 O-exchangeable) at δ: 5.75 and 6.90 ppm, respectively; beside the H-2 proton signal of the imidazole nucleus. Moreover, its mass spectrum showed a molecular ion peak m/z = 220 (M + , 100%). Structure of product 3 was elucidated from its correct analytical data; besides studying of its IR, 1 H-NMR and mass spectral determinations as well by chemical synthesis for some of its related derivatives.
When compound 3 was reacted with ethyl 2-cyanoacetate or hydrazine hydrate: ethyl 2-cyano-3-(9-(4-fluorophenyl)-6,9-dihydro-6-oxo-1H-purin-2-yl) -propionate (4) and 9-(4-fluorophenyl)-2-(hydrazinomethyl)-1H-purin-6(9H)-one (5) were afforded in 74 and 79% yield, respectively (Scheme 3). 
Scheme 4
Moreover, when the imidazole 1 was heated with ethyl chloroformate/dimethylformamide reagent mixture (12) (13) (14) (15) (2:1 ratio by volume), the 9-(4-fluorophenyl)-1H-purin-6(9H)-one 9 was obtained (80% yield) as a clean cut product. No traces of the expected 9-(4-fluorophenyl)-1H-purine-2,6-dione of type 8 was isolated under the present reaction conditions. Product 9; synthesized via ethyl chloroformate/DMF method was found to be identical with that obtained from reaction of the imidazole 1 with formamide (formamide is a well known reagent usually employed at relatively high reaction temperatures ~185 ºC for the ring closure of this type of products) (16, 17) .
Infrared absorption spectrum of product 9 obtained either from reaction of 1 with ethyl chloroformate / DMF mixture or from reaction of 1 with formamide, was found to be of finger-print similarity.
Thus, its IR spectrum exhibited υ C=O (sharp intense) and υ NH (broad with fine structures) around 1714 and 3300-3500 cm -1 , respectively.
This can be considered as another support for the structure 9 rather than product of type 8 (Scheme 5). 
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Scheme 5
Furthermore, it was found when product 9 was left to react under reflux with methyl-or ethyl iodide in N,N-dimethylformamide; the corresponding derivatives: 9-(4-fluorophenyl)-7-methyl-6-oxo-6,7,8,9-tetrahydro-1H-purin-9-ium and 7-ethyl-9-(4-fluorophenyl)-6-oxo-6,7,8,9-tetrahydro-1H-purin-9-ium iodide (10a,b) were obtained in 72 and 70% yield, respectively rather than the expected N 1 -or N 3 -alkyl derivatives of types 11 and 12 (Scheme 6). 
Scheme 6
Structural elucidation of products 10 was inferred from: i) Correct analytical data. ii) The IR spectra are nearly similar to the spectrum of their parent 9. iii) 1 field shifted proton signals (D 2 O-exchangeable) around δ: 12.48 ppm due to the presence of NH and thus exclude formation of products of type 11. Also, the spectra revealed the H-8 proton signals slightly down field shifted; accordingly products of type 12 were excluded [18] [19] [20] . Therefore, quaternization of product 9 was occurred at position-7 rather than position-1-or position-3 to give products of type 10. iv) When product 9 was heated under reflux with POCl 3 the corresponding 6-chloro-9-(4-fluorophenyl)-9H-purine (13) was readily obtained in an excellent yield.
The present work was planned to employ the 6-chloropurine 13 for synthesizing newer 6-substituted-aminopurine derivatives, structurally related to the well known plant growth regulators "Cytokinines", with the target for evaluating their potential plant-growth regulating properties.
Thus, when the chloropurine 13 was left to react with several alkyl, aralkyl-, and aryl-amines or hydrazide in boiling ethanol in the presence of an acid scavenger (e.g. triethylamine), the corresponding 6-substitutedamino-purines 14a-g , IR spectra of products 14a-i showed, generally, υ NH (sharp) absorptions around 3450-3213 cm -1 region. The 1 H-NMR spectra of products 14 were found in agreement with the proposed structure. Generally, the spectra included H-2 (purine) together with the aromatic proton signals. Also, the NH signals can be easily distinguished in the spectra (broad; D 2 O-exchangeable) around δ: 4.00 ppm for products 14b-d and at δ: 10.00 ppm for compound 14g. Also, the spectrum of 14h showed NH 2 and NH proton. signals at δ: 4.90 and 9.20 ppm, respectively. Mass spectra of products 14 were found to agree their proposed structure. For instance the spectra of products 14a-c, h and i molecular ion peaks IR spectrum of product 15 showed absence of NH or NH 2 absorptions. Also, its 1 H-NMR spectrum showed H-2 & H-8 of purine proton signals at δ: 9.0 and 8.7 ppm, respectively. Moreover, the spectrum showed H-2 of benzoimidazole moiety attached at 6-position of purine nucleus at δ: 8.08 ppm, beside the aromatic proton signals.
Plant-growth regulating activity of the newly synthesized 6-(substitutedamino)-purines (14a-h)
It was planned in the present work to investigate the potential activity of the newly synthesized N-substitutedpurine-6-amines (14a-g) and N 1 -purine-benzene-1,2-diamine (14h) towards growth regulation of wheat plant targeting to obtain high plant crop yield.
The average height for plant stems (in cm) as well as for the number of branches are calculated for each of the treated and control experiment. The obtained data are recorded in Table 1 and Fig. 1 . Number of branches on shoot system relative to control sample The following comments could be pointed out from the tabulated data: 1-All the tested compounds showed a reduction in stem's height growth ranging from (8.35-36.68%) relative to the control sample.
2-Most of the tested compounds were found to be of moderate/remarkable activity towards increasing the tested wheat plants branching (28.57 -128.57%) relative to the control. 3-Compounds 14d, e, f, h showed more pronounced remarkable effect for stem reduction as well as for increasing the number of the tested wheat plant branches than the other tested compounds. 4-Compound 14d having alkyl (n-butylamino) moiety at 6-position of purine nucleus seemed to be the most active for increasing the number of branches of the tested wheat plant. In comparison, compound 14h having aryl (benzene-1,2-diamine) moiety was of moderate activity than 14d towards stem height shortening. 5-It seemed from ,this preliminary survey, that incorporating selected alkylamino-, arylamino-or aralkylamino-moiety at 6-position of purine nucleus, as in cases of products 14d,e,f and h can produce 6-substituted-amino purine derivatives with probable remarkable properties towards wheat plant stem shortening as well as increasing of the plant branching.
The obtained results from the preliminary screening at concentration (100 ppm) for the synthesized 6-substitutedamino-purines 14 encouraged us to repeat screening for the active products 14d, e, f and h using lower concentration (50 ppm) for each product. It was targeted from this screening step to probe and compare the final crop yield of the screened samples compared to control after ripening and harvesting of the tested wheat plants. The results of this screening are shown in Table 2 and Fig. 2 . The tabulated data (Table 2) cleared that: After harvesting the wheat plant, it was noticed that all the tested products (14d, e, f and h) were of remarkable effect towards increasing the calculated average weight of one ear. The increase of weight was found to be in the range 125-375% relative to the control.
From the data it can be concluded that: 1-Compounds 14d and 14h were found to increase the branch numbers by 28.57% relative to the control sample and hence the number of the ears on the plant increased causing rising of the final crop of each tested wheat plant by 243% for 14d and 375% for 14h. 2-It was noticed also, that the most active member of the presently tested 6-substitut-ed amino-purine 14 series is: for compound 14h.
Conclusion
Synthesis and characterization of newer 6-substituted-aminopurines and other related derivatives, structurally related to the well known plant growth regulators "Cytokinines", were carried out. Screening of many of the obtained compounds was carried out to probe their potential plant-growth regulation on wheat plant targeting to obtain high plant crop yield. Some derivatives showed promising plant-growth activity. Product N 1 -[9-(4-fluorophenyl)-9H-purin-6-yl] benzene-1,2-diamine (14a) was found of remarkable activity towards wheat plant-growth regulation as well for gaining high crop yield (weight of each ear) after harvesting the tested wheat plant.
